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CubeSat Launch Environments 
•  CubeSat launch environments are typically 
bounded by random vibration environmental 
loads  
–  Shock, acoustic, and quasi-static environments 
are typically considered non-damaging and only 
rarely require testing 
–  Environments are defined at the payload 
dispenser interface 
–  Actual CubeSat interface levels are not typically 
defined 
•  This is different from typical primary spacecraft 
environmental loads 
–  Bounding environments: vibroacoustics, quasi-
static loads, sine vibration 
–  Environments are defined at the primary 
spacecraft interface 
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Random Vibration Levels 
•  General Environmental Verification 
Specification from GSFC-
STD-7000A (10 Grms) 
–  Commonly used as baseline test 
levels for CubeSats 
•  Atlas V Aft-Bulkhead Carrier (ABC) 
levels are an example of a flight 
environment that is used frequently 
(7.6  Grms) 
•  Qualification loads are even 
higher! 
•  These are levels input to 
dispenser, not the actual levels 
the CubeSat experiences 
–  CubeSat levels dependent on 
dispenser dynamics and constraint 
method 
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Dispenser Response 
•  During vibration testing, CubeSat is typically not 
instrumented 
–  No appropriate mounting location accessible due to 
CubeSat features, and the dispenser is closed 
–  Dispenser is instrumented instead 
•  Dispenser response is typically at a much higher 
overall level compared to the input 
–  NLAS: 10.1 Grms input to 20.6 Grms response 
–  P-POD: 10.0 Grms input to 22.3 Grms response 
•  These levels raise concerns about the 
environments that CubeSats actually experience 
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P-POD 
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Example Test Setup – No 
Access to CubeSat 
NLAS 
Perceived CubeSat Levels 
•  Perception is that the measured dispenser response is 
the levels that the CubeSat is experiencing 
•  IF the CubeSat is rigidly clamped/fixed inside the 
dispenser, this is the case 
–  Test-POD modified to rigidly clamp CubeSat simulator 
–  Dispenser: 40.9 Grms compared to CubeSat: 37.5 Grms 
•  From 13.9 Grms input 
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Fixed Constraint 
Dispenser and CubeSat Response 
almost 1:1! 
CubeSat “Free” Constraint 
•  Certain rail-type dispensers, like the P-POD and Tyvak NLAS Mk. II have a 
“free” constraint that allows translation in the lateral axes (X & Y axis as 
shown below) 
•  Longitudinal axis is fixed (Z axis as shown below) 
•  Lateral motion in combination with fixed longitudinal axis results in 
vibrational energy dissipation (damping) 
–  Non-linear due to the gaps between the rail and CubeSat 
–  Reduces CubeSat environments and loads 
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      CubeSat 
CubeSat Levels inside P-POD in “Free” Axis 
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•  Conducted random vibration testing to standardized 
NASA GEVS levels 
–  Instrumented CubeSat simulator and P-POD 
–  Observed high frequency loads attenuation 
•  In X-Axis (mounting axis), 10.2 Grms CubeSat 
response 
–  From 10.0 Grms GEVS input 
•  In Y-Axis, 6.2 Grms CubeSat response 
–  From 10.0 Grms GEVS input 
X-Axis Y-Axis 
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Test Setup 
CubeSat Levels inside NLAS in “Free” Axes 
•  Conducted random vibration testing to 
standardized NASA GEVS levels 
–  Instrumented CubeSat simulator and 6U NLAS 
–  Observed high frequency loads attenuation 
•  In X-Axis, 6.5 Grms CubeSat response  
–  From 10.1 Grms GEVS input 
•  In Y-Axis (mounting axis), 14.0 Grms CubeSat 
response  
–  Test facility control issues drove input to 14.1 Grms instead of 
requested 10 Grms 
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Test Setup 
CubeSat Levels in Deployment Axis 
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•  Conducted random vibration testing to standardized NASA GEVS levels 
–  Instrumented 14 kg/6 kg CubeSat simulator and NLAS/P-POD 
–  Observed high frequency loads attenuation 
•  In NLAS Z-Axis, 12.6 Grms CubeSat Response 
–  From 10.0 Grms GEVS input 
•  In P-POD Z-Axis, 13.7 Grms CubeSat Response 
–  From 10.0 Grms GEVS input 
•  In both cases, response of the dispenser door drives first mode in CubeSat response, 
resulting in higher low frequency levels 
–  Typical of high frequency isolated systems  
NLAS Z-Axis P-POD Z-Axis 
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Test Observations 
•  Dispenser response is higher than input, but those 
levels are NOT present in the CubeSat response 
–  In some cases, dispenser response is 2-3 times the input level 
–  CubeSat levels in the X/Y axis are either equal to the overall 
input level or less due to inherent isolation with the “free” 
constraint 
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Dispenser Axis Input (Grms) Dispenser (Grms) CubeSat (Grms) 
NLAS X 10.1 21.6 6.5 
NLAS Y 14.1 31.6 14.0 
NLAS Z 10.1 25.3 12.6 
P-POD X 10.0 16.9 10.2 
P-POD Y 10.0 22.3 6.2 
P-POD Z 10.1 14.0 13.7 
Clamped Test* 13.9 40.9 37.5 
*Clamped CubeSat sees direct transmissibility 
Conceptual Design for Internal Isolation 
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•  Z-Axis: Damping material embedded in rail-type “free” 
constraint dispenser Door/Pusher Plate with aluminum 
cover plate 
•  X/Y-Axis: Damping material embedded in rail-type 
“free” constraint dispenser panels with aluminum rail 
covers 
•  CubeSat interface with dispenser remains unchanged 
–  No change to CubeSat standard 
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P-PODs in tight quarters 
on an NPSCuL 
CubeSat Levels inside P-POD with Internal Isolation 
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•  Conducted random vibration testing to GEVS 
levels 
–  Instrumented CubeSat simulator and P-POD with 
internal isolation design installed 
–  Observed significant attenuation 
•  In X-Axis (mounting axis), 3.8 Grms CubeSat 
Response 
–  From 10 Grms GEVS input 
•  In Y-Axis, 3.7 Grms CubeSat Response 
–  From 10 Grms GEVS input 
•  In Z-Axis, 4.4 Grms CubeSat Response 
–  From 10 Grms GEVS input 
X-Axis Y-Axis Z-Axis 
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Isolated Test Setup 
Conclusion 
•  Actual levels experienced by CubeSat 
vary due to a number of factors: 
–  Launch vehicle/test specification 
–  Dispenser and constraint method 
–  Isolation implementation  
•  Free-constraint dispenser response is 
often 2-3 times higher than input levels, 
but CubeSat levels remain 1:1 or less 
•  Internal isolation works and can be 
implemented in locations without 
available volume for external isolators 
–  Internally isolated CubeSat levels ranged 
from 3.7 Grms to 4.4 Grms  
–  Similar results expected with the 6U 
NLAS (coming soon) 
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